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MALA3PINA GLACIER, ALASKA 




T 'he Malaspina Glacier, centered at 59.9° N. 140.5° W. on the south shore of Alaska, is 
a classic example of a piedmont glacier 'lying along the foot of a mountain range. The 
principal source of ice for the glacier is provided by the Seward Ice Field (to the north - 
see diagram) which flows through three narrow outlets Onto the coastal plain. The 
glacier moves in surges that push earlier-formed moraines outward into expanding 
concentric patterns along the flanks of the ice mass. The Agassiz Glacier is to the left of 
the Malaspina Glacier. At the head of Yakutat Bay f on the right side of the 
photograph) 'is Hubbard Glacier, which in 198S ^surged to block the entrance to Russell 
Fjord (see diagram) and temporarily trapped large numbers of marine animals. As of 
this writing, Hubbard Glacier is reported to have receded^ thus opening the entrance to 
the fjord. 
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THE ASTRONAUT PERSPECTIVE* 

By the ST&28 crew: Brewster H. Shaw, Richard N. 
Richard?, James C. Adamson, 
David C. Leestma, Mark N. Brown 



We beganour70th orbit of the Earth approaching the sunrise terminator over the 
Philippine Islands moving rapidly toward Japan. Our morning Earth observation 
update message had mehiioneda possible underwater volcanic eruption near Tokyo 
Bay, and we were soon to pass aver that location. There, very near Oshima Island, we 
saw the smokey, steamy plume of an underwater volcano. It really did exist, and we 
shifted around the overhead windows to take photos and let eviryonegetalook. And 
that was not the end of the marvels we observed cm that orbit. After flying over the 
Aleutian Islands we crossed the Canadian coastline, seeingihe spectacular glacier- 
covered northern Rocky Mountains. Continuing down ike spine oftkeRockies over the 
United States we could look west over the Great Salt Lake all the way to the Pacific 
Ocean and look ahead and see Texas and theGulf of Mexico. This orbit then took us 
over Central America and back into the Pacific Ocean before crossing South America 
and into tke South Atlantic. It was a graphic reminder of how far east South America 
really is! As wepassed through the sunset terminator we saw a phenomenal display of 
the Aurora Australis. Wow! It took our breath away and made it hard to break away 
from the windows to get backtowork. What a marvelous planet weliveon! 

The crew of STS-28 hddirainedandstudied hard to getready for this high inclination 
(57°) orbital mission. Inadditiqn tothemission itself, we knew we were going to see 
areas ofthewqrldnot normally observed from the Skuttle. This fact helped spur us to 
becoming experts with our camera equipment and to try tounderstand what all the 
various Earth observationdisciplines would really like to see in our photographs. This 
is ho easy task when confronted with the varied requirements forgeology, 
oceanography, meteorology, ecology, and geography. 



This perspective is from the "STS-28 Earth Observations Mission Review" ~ 

published in Geocarto International, vol. 5, no. 2, in the summer of 1990. 

The Space Shuttle Earth Observations Office wishes to acknowledge those STS-28 
astronauts who acquired the photographs cataloged in this document: Brewster H. 
Shaw, commander; Richard N. Richards, pilot; and James C. Adamson, David C. 
Leestma, and Mark N. Brown, mission specialists. 



After the excitement of launch and that thrilling first look out the windows at the 
Earth, it was time to apply what we had learned. At first it was difficult to locate 
specific Earth observation sites, but as the flight progressed everyone became adept at 
distinguishing features on the swiftly changing scene below. Moving over the ground 
at nearly 18,000 mph (5 mi/sec) is exhilarating and allows the countries and continents 
to move by in a panorama of stately grace. It is not too difficult to discern when 
something is awry from its natural state; either the color is different (red lakes, gray 
cities) or the normal change in scenery is too abrupt (deforestation areas). Thatwelive 
ona fragile planet that requires care and keeping was < readily apparent. 

Hopefully, we were able to bring back apart of these majestic images of Earth on film. 
We took nearly 3500 photographs of the Earth as our legacy of the flight. The visual 
impressions that we will carry with us forever are remembered every time we review the 
pictures.eventhoughpkotogrdphs never seem to approach the true view of what we 
actually observed. Maybe others can learn from what we brought back and discover 
more and more about tkis amazing Earth- 
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1. INTRODUCTION 

1.1 EARTH OBSERVATIONS PHOTOGRAPHY 

In support of the acquisition of Earth observations photography by Shuttle 
astronauts, the Space Shuttle Earth Observations Office (S3EOO) at the National 
Aeronautics and Space Administration, Lyndon B. Johnson Space Center 
(NASA -JSG) coordinates and trains crews in Earth sciences, provides real-time 
mission support, and catalogs the handheld photography. Space Shuttle crews are 
briefed on Earth and environmental phenomena of scientific interest and on the basic 
techniques used to acquire photography over specific sites. During each mission, 
project personnel monitor the Earth for events of special interest (such as hurricanes 
or other major storms, floods, ice packs, fires, and active volcanoes), as well as for 
environmental conditions of specific interest. Messages to the Shuttle crew 
requesting photography of an event are coordinated through Mission Control at 
NASA-JSC. 

On the Space Transportation System 28 (STS-28) Mission, the crew took 26 
magazines of American Standards Association (ASA) 64 color film (Professional 
5017) and 2 magazines eacn of ASA 200 color film and ASA160 false color infrared 
film with the Hasselblad cameras, as well as 3 magazines of ASA 64 film with the 
Linhof camera. All the film aboard the Shuttle was used. During prefiight briefings, 
the crew was aSked to emphasize photography of specific themes, for which the 
Shuttle photography from previous missions had proved to be especially informative. 
These themes were (1) deltas, for studying geologic formations; (2) bays, for studying 
turbidity patterns and ecological fluid dynamics; (3) cities, for studying demographic 
features; and (4) geologic faults, for studying tectonic structures. A first count 
showed that the following photography was acquired: 36 deltas, 50 percent of which 
(mostly the smaller ones) had never been photographed before; 180bays and 
estuaries; 484 cities (well centered in the frames), more than 60 percent of which had 
never before been photographed by U.S. astronauts; and 411 major faults. 

In addition, the crew was asked to experiment with various techniques for improving 
photographic image quality. It is apparent that future training and photographic 
quality will benefit from this experimentation. The crew was also asked to perform 



one experiment using polarized photography; they performed two. Most importantly, 
the crew recognized features and phenomena that departed from the norm and 
recorded them for the rest of us to share. By all measures this flight was a most 
successful Earth observations mission. This high-latitude (57° inclination) summer 
mission and the high-latitude winter mission (STS-27) flown 6 months earlier 
provide complementary data sets of seasonal variations and a synergism of 
unmatched value in the Space Shuttle Earth Observations Project (SSEOP). Specific 
mission data for STS-28 are listed in table 1-1. 

1.2 CATALOGING AND INDEXING 

This document catalogs Space Shuttle handheld Earth observations photography 
acquired during Mission STS-28. The country, geographic location, general quality, 
cloud coverage, and other descriptors of each frame are listed by roll number and by 
geographic name in section 4, tables 4-3 and 4-4, respectively. This catalog is a 
product of the SSEOO, Solar System Exploration Division, Space and Life Sciences 
Directorate at NASA-JSC, Houston, Texas. Support has been provided by Lockheed 
Engineering & Sciences Company, Houston, Texas, under Contract NAS 9-17900. 



Cataloging of Earth-looking photography from this mission was accomplished by 
R. M. Nelson and W. F. Palmer of Lockheed Engineering & Sciences Company. 
Additional contributors to this report include V. S. Whitehead, D. L. Amsbury, M. R. 
Helfert, K. P. Lulla, and C. A. Wood of NASA-JSC, and L. P. Boedeker, W. J. Daley, 
C. A. Evans, K. J. Hancock, and M. J. Wilkinson of Lockheed Engineering & Sciences 
Company. 



TABLE 1-1.- MISSION DATA FOR STS-28 



Launch: 


August 8, 1989; 12:37 GMT (8:37 a.m. EDT); from 
John F.Kennedy Space Center, Florida 


Landing: 


August 13, 1989; 13:38 GMT (6:38 ajn. PDT); at 
Edwards Air Force Base, California 


Orbits: 


81 


Vehicle: 


Columbia (OV-102) 


Altitude: 


160nmi(290km) 


Inclination: 


57.2° 


Crew: 


Commander - Brewster H. Shaw 




Pilot - Richard N. Richards 




Mission specialists - James C. Adamson 

- David C. Leestma 

- Mark N.Brown 



Selected Mission STS-28 handheld photographs, with 
accompanying captions and text, were published in the 
summer 1990, vol. 5, no. 2, issue of Geocarto International, 
a multidisciplinary journal of remote sensing. 



2. ACQUISITION OF EARTH OBSERVATIONS 
PHOTOGRAPHY 

The photography described in this catalog was obtained using two types of cameras. 
The NASA-modified Hasselblad 500 EL/M 70-mm cameras (figure 2-1) were 
equipped with Zeiss 50-mm CF Distagon f 4.0, 100-mm CF Planar f 3.5, and 250-mm 
CF Sonnar f 5.6 lenses. Kodak Ektachrome Professional 5017 (ASA 64) film, Kodak 
Ektachrome 5036 (ASA 200) film, and Kodak Aerochrome Color Infrared 2443 
(ASA 160) film were used in the Hasselblad cameras. A Linhof Aero Technika 
camera (figure 2-2) was equipped with interchangeable Linhof 90-mm Super Angulon 
f 5.6 and 250-mm Tele-Arlon f 5.6 lenses. The films used for the latter camera were 
5-in. Kodak Ektachrome Professional 5017 (ASA 64), Standard Base, and Kodak 
Ektachrome QX 868 (ASA 64), Thin Base (5017 emulsion). All photographs were 
taken through the windows of the Shuttle Orbiter (figure 2-3). 

Data recording modules (DRifTs) were'installed on the camera magazines to record 
the date, time in Greenwich mean time (GMT), DEM number, frame number, and 
mission number. These modules can be removed by the crew and reinstalled on other 
magazines when magazines are flown without a module. 

The date and time imaged on each photograph by the DEM are used in conjunction . 
with orbital mechanics data recorded during the mission to compute the Orbiter 
nadir position in latitude and longitude, the orbit, the altitude, and the sun elevation 
and azimuth for each camera exposure. These data are described further in section 4, 
table 4-2, and are listed in tables 4-3 and 4-4. 

During Mission STS-28, Astronaut James Adamson performed the dual- 
photograph tests to document distinguishing polarizing characteristics of many types 
of scenes as recorded on a fast color film. These tests used two Hasselblad cameras 
fitted on a dual camera mount (figure 2-4) and boresighted for equivalent fields of 
view. An electronic shutter release allowed simultaneous exposures. 

For example, with 100-mm lenses and crossed linear polarizers, Astronaut Adamson 
exposed Kodak Ektachrome 5036 (ASA 200) film on an ascending pass (orbit 33) from 



the Sierra Madre Oriental Mountains in Mexico to the St. Lawrence Gulf in 
southeastern Canada. These exposures are recorded on rolls 85 and 86 on frames 2 
through 81. Roll 85 was on the right side with the vertical polarizer; roll 86 was on 
the leftside with the horizontal polarizer. There were several other variations with 
the dual camera mount; see table 4-l(b) for a detailed list. 

At the beginning of a polarization observation series using the dual mount, the 
observer would align the mount so that the camera with the viewfinder would be 

nh5^rvingpif:hprtTiPTnflTimiiTnnrminTm»miTnftgphrightTip<;R Immediately after 

acquiring the first exposure of a scene, he would rotate the camera system 
approximately 45°, thereby acquiring four exposures of different polarizations of each 
scene. Three exposures are required to define precisely the phase angle of the 
incoming polarized light. 

In addition, a single camera procedure was used in which the three exposures were 
taken by rotating the camera, with filter fixed, through three positions. In some 
series while observing the bidirectional effect, nine photographs were exposed: three 
on approach to the site, three over the site, andthree on retreat from the site. See 
section 4, table 4-i(b), for a detailed Kst of polarizing photography combinations. 
During data processing, the time/space interval between exposures was adjusted with 
a computerized image warping model procedure to correlate similar image points. 




Figure 2-1.- NASA-modified Hasselblad 500 EL/M camera. 




Figure 2-2.- Linhof Aero Technika camera. 




Figure 2-3.- Location of windows in the Shuttle Orbiter. 




Figure 2-4.-HandheIdHasselblad cameras with dual mount. 



3. PHOTOGRAPHY NUMBERING, SOURCES, AND 
ORDERING PROCEDURES 

3.1 NUMBERING OF PHOTOGRAPHY 

Photographs are ordered using the mission, roll, and frame numbers as listed in 
section 4, tables 4-3 and 4-4. For example, STS-28-74-25 is the photo-ordering 
number for frame 25 of roll 74 from Mission STS-28. 

3.2 PHOTOGRAPHY SOURCES AND ORDERING PROCEDURES 

Earth-viewing Shuttle photography may be obtained from the following sources: 

U.S. Geological Survey 
EROS Data Center 
Sioux Falls, SD 57198 
Telephone: (605)594-6151 

Technology Applications Center 
University of New Mexico 
Albuquerque, NM 87131 
Telephone: (505) 277-3622 

Media Services Branch 

Still Photography Library 

NASA Lyndon B. Johnson Space Center 

P.O. Box 58425, Mail Code AP3 

Houston, TX 77258 

Telephone: (713)483-4231 

The SSEOO recommends that you visit a viewing center to select the image best 
satisfying your requirements before ordering a photograph. In addition to the 
sources listed above, table 3-1 provides a list of viewing centers. The Earth Sciences 
Information Center (ESIC), U.S. Geological Survey, has eight branches currently 
equipped with Shuttle photography microfilm and catalogs. Other organizations 
similarly equipped are the NASA Ames Research Center, California; the Library of 
Congress; the University of California at Santa Barbara; the Lunar and Planetary 
Institute, Houston; and the Smithsonian Institution. These centers provide excellent 
browse/viewing capabilities helpful in ordering photographs. 



TABLE 3-1.- PHOTOGRAPHY, VIEWING CENTERS 
[All of these centers receive microfilm and catalogs.] 

NASA - NASA DATA FACILITY 
Bldg. 240, Rm. 219 

NASA Ames Research Center 

Moffett Field, CA 94305 

(415)604-6252 

U.S. GOVERNMENT - LIBRARY OF CONGRESS 

Geography & Map Division 

Rm.B-01, Library of Congress 

Madison Memorial Bldg. 

lstsndCStreetsSE 

Washington, D.C. 20540 

(202)707-6277 

UNIVERSITY ESIC AFFILIATE 

Map and Image 

Laboratory and Library 

University of California 

Santa Barbara, CA 93106 

(805) 961-2779/(805) 961-4049 

LUNAR AND PLANETARY INSTITUTE 

Planetary Image Center 

3303 NASA Rd.1 

Houston, TX 77058 

(713)486-2136 

SMITHSONLAN INSTITUTION 

Air and Space Museum 

Archives Division, Rm. 3100 

6th and Independence Ave., SW 

Washington, D.C. 20560 

(202)357-3133 



Anchorage-ESIC 

4230 University Dr. 

Rm.101 

Anchorage, AK 99508-1664 

(907) 561-5555/FTS (907) 27M320 

Anchorage-ESIC 

U.S,Courthouse, Rm. 113 
222 W. 7th Ave., Box 53 
Anchorage, AK 99513-7546 
(907) 27M307/FTS (907) 271-4307 

Denver-ESIC 

169 Federal Bldg. 

1961 Stout St. 

Denver, CO 80294 

(303) 844-4169/FTS 564-1169 

Lakewood-ESIC 

Box 25046, Federal Center 

Denver, CO 80225 

(303) 236-5829/FTS 776-5829 



345MiddlefieldRd. 
MenIoPark,CA 94025 
(415) 329-4390/FTS 459-4390 

Reston-ESIC 

507 National Center 

Reston.VA 22092 

(703) 860-6O45/FTS 959-6045 



Rolla-ESIC 

1400 Independence Rd. 

Rol!a,MO 65401 

(314) 341-0851/FTS 277-0851 



Stennis Space Center-ESIC 

Bldg. 3101 

Stennis Space Center, MS 39529 

(601) 688=3544/FTS 494-3544 



4. FILM AND CATALOG LISTINGS 

A photographic summary correlating roll numbers with film used during 
MissionSTS-28 is providedin table 4-l(a), The summary of the polarization tests is 
listed in table 4-l(b). 

The photography is cataloged and presented in two listings, with table 4-2 providing 
an explanation of the column headings used in the listings in tables 4-3 and 4-4. 
Table 4-3 is listed by roll/frame sequence, and table 4-4 is listed by geographic name. 



FILM ADVISORY 

• The film da^a as listed in table 4-l(a) are correct . 

• It is emphasized, however, that some data on the 
identification frames imaged at the beginning of rolls 85 
and 86 are incorrect The incorrect data will be noticed 
by anyone working with either the full-size film or the 
microfilm. 

• If there are questions about the roll/frameset, use the 
numbers from the DRM, as they are correct. 

• If there are questions about the film type, the Kodak film 
catalog number is located on the edge of the film. 



TABLE 4-1.- PHOTOGRAPHIC SUMMARY FOR MISSION STS-! 
(a) Film utilized 



ROLL 
NUMBERS 


TYPE OF 
FILM 


HASSELBLAD CAMERAS WITH DRM 


71-84 
87-92 
95-100 


Kodak n&tural color Ektachrome 
Professional 5017, ASA 64 


85-86 


Kodak natural color Ektachrome 5036, ASA 200 


93-94 


Kodak Aerochrome Color Infrared 2443, ASA 160 


UNHOF CAMERA WITH DRM 


153 


Kodak natural color Ektachrome 
Professional 5017, ASA 64, Standard Base 


151-152 


Kodak natural color Ektachrome QX 868, 
ASA 64,Thin Base (5017 emulsion) 



(b) Polarization tests 



ROLL 
NUMBERS 


CAMERA/POLARIZER 
COMBINATION 


ORBIT (FRAME) 
NUMBERS 


DUAL CAMERA MOUNT 


85 


Right camera/vertical polarizer 


33(2-81) 


86 


Left camera/horizontal polarizer 


33(2-81) 


85 


Right camera/vertical polarizer 


67(82-86) 


100 


Left camera/horizontal polarizer 


67(63-67) 


85 


Right camera/vertical polarizer 


67(89-101) 


86 


Left camera/vertical polarizer 


67(82-95) 


SINGLE CAMERA METHOD 


82 




23 (95-103) 


83 




54 (63-68) 


95 




30(40-100) 



TABLE 4-2.- EXPLANATION OF COLUMN HEADINGS USED 
IN TABLES 4-3 AND 4-4 



RL 


FL 


Number assigned to each roll of 


Focal length of lens used: 
Hasselblad - SO mm, 100 mm, 


film 




250 mm 


FR 


Linhof - 90 mm, 250 mm 


Frame number for the photograph 


E 


GEOGRAPHIC NAME 


Photographic exposure: 


Usually the country where the 


O - Overexposed 
N - Normal exposure 


center point of the photograph is 


located; may also be the name of an 


U - Underexposed 


island chain, ocean, sea, or a single 


F - Unsharp focus 


island if that is the only land in the 




photograph 


S 




Possibility of a stereopair, either 
adjacent frames or frames rela- 


FEATURE 


Feature of interest within the 


tively near on the same roll of film: 


photograph (e.g., name of a specific 
landform, cloud pattern, etc.) 


N - No 
Y -Yes 


CENTER LAT, LON 


DATE 


Latitude and longitude, 


Year, month, and day the 


determined to the nearest half 


photograph was taken 


degree, of the center point of the 




photograph 


GMT 




Greenwich mean time of 


NADIR LAT, LON 


photographic acquisition 


Coordinates, determined to the 




nearest tenth of a degree, of the 


AL 


point directly beneath the 
spacecraft 


Shuttle altitude in nautical miles 


SUN AZ 


CC 


At the Shuttle nadir, the hori- 


Percentage cf cloud cover 


zontal angle (azimuth) measured 
from north clockwise to the Sun 


XL 


Tilt of the camera from Shuttle 


SUN EL 


nadir: 


Sun elevation angle at Shuttle 


HO - High oblique (includes the 

horizon 
LO - Low oblique 


nadir (measured from horizontal) 


OR 


NV - Near vertical 


Orbit number 



TABLE 4-3.- STS-20 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



* mm b*mi ihhi 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
B¥ ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



USSMUKOKAH 



USSR-EUROPEAN 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



CHESAf EAXE BAtSAHIHOITC 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 



TABLE 4-3.- STS-28 HANDHELD PHOTOGRAPHY SORTED 
BY ROLL AND FRAME (Continued) 
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5. STS-28 EARTH OBSERVATIONS PHOTOGRAPHY 
SUMMARY MAPS - A AND B 

Two STS-28 Earth Observations Photography Summary Maps are included as inserts 
in this catalog. Summary Map A illustrates the locations of photography center 
points which could be determined. These points are plotted and annotated (roll and 
frame numbers) in red on the map. For photographs that could not be located, nadir 
latitude and longitude coordinates have been plotted and printed in blue on Summary 
Map B. The latter coordinates represent the points directly beneath the spacecraft at 
the time the photographs were exposed. On both maps, where a large concentration 
of points is contained in a small area, the points are enclosed within a box with the 
frame numbers bracketed outside. The textual index must be used to obtain the 
latitude and longitude for each individual frame number. 

The scale of each map is 1:40,000,000 at the Equator on a Mercator projection. 
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